Although this rapid increase of shear stress with depth suggests that the mean shear stress on the fault at seismogenic depths exceeds several hundred bars, the principal stresses increase with depth in a steplike manner. As this may be a near-surface effect, extrapolation of the measurements to much greater depths may not be warranted.
INTRODUCTION
Understanding the physical mechanisms controlling slip on the San Andreas fault is impeded by our uncertainty of the magnitude of the shear stresses acting on the fault at depth. This paper describes a series of in situ measurements that were made near the San Andreas fault to address this problem in two ways. First, we attempted to estimate the magnitude of shear stress on the fault at depth by measuring the variation of shear stress with distance to the fault at relatively shallow depth. Thermomechanical models of the San Andreas fault system developed by Lachenbruch and $ass [1973] demonstrated that the variation of shear stress with distance from the fault can be indicative of the stress on the fault at depth. Accordingly, the hydraulic fracturing technique was used to make stress measurements in wells ~230 m in depth that were drilled along profiles roughly perpendicular to the fault; one profile was located in the western Mojave desert near Palmdale, where the San Andreas has been locked since the 1857 great earthquake, and the other profile was located in the Gabilan range of central California, where aseismic creep and small magnitude earthquakes characterize the fault's behavior. The Mojave profile data were briefly discussed by Zoback and Roller [1979] . Second, we measured the variation of shear stress with depth in a ~ 1-km-deep hole that was drilled at one of the sites of the Mojave profile located about 4 km from the fault. This paper is not subject to U.S. copyright. Published in 1980 by the American Geophysical Union.
The purpose of this paper is twofold: to evaluate the reliability and consistency of hydraulic fracturing stress measurements and to examine the implications of the measurements made near the San Andreas for the magnitude of shear stress on the fault at depth.
Experimental Sites
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RESULTS
The results of the fracture orientations are summarized in Table 1 Table 1 ) and show that the direction of maximum compression is about N20øW.
Values of the fracture azimuth given in Table 1 In the case of the deeper measurements made at XTLR a distinct breakdown pressure is not observed because of the relatively high value of the least principal stress with respect to the breakdown and fracture-opening pressures. By using carefuRRy controlled and (as nearly as possible) constant flow rates both the breakdown and fracture-opening pressures can be determined fairly accurately. This is illustrated by the record from 786 m at XTLR (Figure 6 ). Although breakdown is not manifested by a sudden drop in pressure on the first pumping cycle, the nearly constant rate of well bore pressurization can clearly be seen to change abruptly when the fracture forms. As shown in Figure 6 , the fracture-opening pressure can be determined from the secondary pumping cycles in a similar way because the flow rate (and hence the initial rate of well bore pressurization) was the same on each of the cycles. As demonstrated by the XTLR data presented in the appendix, the type of record shown in Figure 5 gradually becomes the type shown in Figure 6 as the least principal stress increases with depth relative to the breakdown pressure.
The magnitude of the least and greatest horizontal principal stresses, Sn and S n, determined from the hydrofrae data are summarized in Table 1 and presented in Figures 7, 8 , and 10. The error bars in these data reflect the uncertainty with which a given shut-in or fracture-opening pressure could be determined and thus represent only the precision of the determination. It should be reiterated that measurements are omitted in which something went wrong with the experiment: if a preexisting fracture opened, if the inflatable packer failed to seal the hydrofrae interval, or if a leak occurred in the packer, drill pipe, or pumping system, for example. A measure of the repeatability of these determinations is provided by measurements made at similar depths, which agree quite well.
The number of measurements attempted in each well was controlled by the number of fracture-free intervals that could be found. Unfortunately, very few measurements could be attempted in some of the wells because of the extremely dense fracturing; only one successful measurement was made in LKB and two in LKD (Figure 8 For determining the orientation of the hydraulic fractures the televiewer and impression packer both gave successful resuits, but each technique has distinct drawbacks. Use of the televiewer was faster, but in many cases the hydraulic fracture was not observed. Moveover, in some cases the presence of a fracture is questionable (those denoted as 'poor' in Table 1) ; it is not clear that they are, in fact, fractures, or just some mark on the well bore that was not detected before fracturing. Thus it is simply not known if the fracture orientations at shallow depths in Moj. 2 (149 and 167 m) actually imply that SH is oriented E-W near the surface. The impression packer technique yielded results that were excellent in the case of the fracture shown in Figure 3 , but in other cases it gave much poorer results. However, despite the fact that using an impression packer is quite inefficient compared to the televiewer, it is probably the preferable technique for determining fracture azimuth in crystalline rock.
A comparison can be made between the direction of maximum compression we determined for the western Mojave between the breakdown pressure and fracture-opening pressure suggests that a preexisting fracture may have opened. However, both this test and that at 198 m yield similar values for tensile strength (see Table 1 
